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Introductions

Á Dr. Hisham Othman

Å VICEPRESIDENT, TRANSMISSION& REGULATORY

Å Areas of expertise include power system dynamics and control, hybrid 
microgrids, grid integration of renewables and storage, economic analysis

Å PhD, Electrical Engineering, University of Illinois, Urbana

Å Over 30 years of technical and managerial experience in the electric power 
industry
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Storage Role within an Integrated Resource Plan (IRP) 

Goals:  
- Safe
- Affordable
- Reliable
- Clean
- Resilient

Constraints: 
- Policies, Regulations, and Rules
- Natural Resources
- Technology Capability
- T&D Grid Capacity and Expansion Potential
- Capital and Rate Impact
- Clean Energy Targets
- Resiliency Targets

Uncertainties:     
- Load growth and consumption profiles
- Correlation between load and Solar/Wind Profiles 
- Technology roadmaps  

Role of Energy Storage:

ÅG: Capacity and Reserves (Standalone)

ÅG: Dispatchable solar and wind (AC or DC coupled)

ÅG: Daily energy balance

ÅG: Intra-hour Ancillaries and fast ramping

ÅG: Multi-day resiliency

Å T&D: Non-Wire Alternative Solution (NWAs)
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How deep should the storage reservoir be?

Sub-hour

(Gen)

Intermittency of VERs 

(e.g., Solar/Wind)

Fast and Flexible Response to 
control Frequency

4-10 hours 

(Gen)

Integrated Resource Planning

(Capacity, Reserves, Energy)

Peaker Plants 

Combined Storage+Renwable

2-8 hours 

(T&D)
Address Grid Security Constraints 

(e.g., NERC TPL Standards)
NWA solutions

hours to Days

(Gen)
High Renewable Targets (50%+) using 

low-capacity factor resources

Balance Supply and Demand

Mitigate Supply Risks

VER:  Variable Energy Resources
NWA:  Non-Wire Alternative Solutions
RE: Renewables
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Storage as a Peaker (Example)

ÁLoad shape is a key driver for Peaker plants.

ÁTop 5% of peak load lasts for only 25 hours in a year, while Top 10% of peak load last for 80 hours.

Load exceeds 95% of 
peak for only 25 hrsin 
a year (0.2% of time)

Load exceeds 60% of peak 
for only 1500 hrsin a year 
(17% of time)

5%

10%

60%
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Storage as a Peaker (Example)

ÁFor a full capacity credit, Peaker’s 
minimum energy capacity is:

1. 1.5hrs when the storage MW size 
does not exceed 2% of peak load;  

2. 6hrs when storage MW size 
increases to 10% of peak load; 

3. 14hrs when the storage MW 
increases to 30% of peak load; and

4. grows exponentially beyond 30%.

1
2

3

4

Gen ESS

Load
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Solar + Storage (Example)

ÁOptimizing the storage size depends on:

Å Interconnection capacity at POI.

Å Revenue streams: Energy, Capacity, Ancillary, RECs.

Å Technology Cost: PV, Inverter, ESS (DC or AC connected).

Å Location - Solar Irradiance

Å Investment Tax Credit (ITC)

ÁExample (Arizona) –POI Capacity 1000 MW:

PV

Inverter

DC

POI

AC

Solar PV
(MWdc)

ESS-DC connected
MW / Hrs

ESS-AC connected
MW / Hrs

Net Present Value
$M

Plant Capacity 
Factor%

PV alone 1,370 - - $366M 34%

PV + ESS-DC 1,511 1,000 / 3.4 - $488M 37%

PV + ESS-AC 1,316 - 1,000 / 1.2 $466M 35%

PV + ESS-DC + ESS-AC 1,363 676 / 3.8 640 / 1.0 $530M 34%

PV + ESS-DC + ESS-AC 2,000 800 / 4.6 377 / 1.0 $483M 46%

PV + ESS-DC + ESS-AC 2,500 883 / 5.8 119 / 1.0 $427M 56%
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Long Duration Storage ςSupply Resiliency

Á Solar Daily Energy Harvest:

Å Range 1-9 hrs

Å Median  6.5 hrs

ÁHow much Storage? depends …

Å Installed VER penetration level

Å Load Profile

Å Number of rainy days & Season

Á Storage size increases with solar penetration level and 
number of consecutive rainy days:

Å Peak load of 1000MW, 

Å 500MW solar PV with a capacity value of 100MW (10% 
penetration) 

Å 2 consecutive rainy days

Å Storage size is 1200MWh (or 12 hours of 100MW capacity) 
or carry a 100MW generator running on renewable fuel.
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100% Renewable IRP: Example

ÁStorage energy capacity 
increases with time:

Å Freq Response:

–ESS-1hr

Å Capacity & Energy Balance:

–ESS-5hr

–ESS-10hr

Å Capacity & Energy:

–S+S-5hr

–W+S-10hr
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Energy Storage Requirements at Year 20 (Probabilistic IRP)

Á Storage Requirements range between 41-69GW.
ÁMean of Storage Requirements is 60GW.
Á 90% probability the storage requirements will exceed 50GW; 5% 62GW, and 1% 65GW.
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Storage as Transmission Asset :  Different Drivers, Common Analysis

Grid & 
NWA

Analysis

Thermal & 
Voltage 

Violations

Contingency 
List

Hourly 
Profiles 

(Load, VRE)

Uncertainty 
(load, Prices, 

Costs..)

Reliability

Market Efficiency

Renewable Integration

Siting

Sizing

Cost

Benefit

Controls

Common analysis and design methodology of NWA solutions to Grid limitations stemming from multiple drivers 
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Quanta Technology Analytics Tool ςESPT-T

Study Process and Tools

System / Constraint
PTDF/OTDF

Toolset

ÅSiting of storage in 
the system
ÅSizing of identified 

storage locations
ÅHybrid solutions
ÅCost estimation
ÅReal option 

valuation (Monte-
Carlo analysis)
ÅWholesale market 

participation

System-Wide 
Evaluation

ÅDeliverability
ÅCongestion relief
ÅProduction cost
ÅRenewable 

integration
ÅBenefit/Cost Ratio

Project Economics

ÅTechno-Economic 
lifetime simulation

ÅNPV/IRR/PB analysis

ÅComparative 
customer 
economics

ÅReal option 
valuationSiting/Sizing Analysis

T&D Grid

Time-series analysis power flow and contingency analysis, siting/sizing optimization,
cost estimation, revenue stacking, lifecycle techno-economic analysis, system benefit analysis

PSS®E
TARA

BESS Siting/Sizing Analysis Benefit-Cost AnalysisPrioritize 
Constraints

ÅReliability

ÅMarket 
Efficiency

ÅPublic Policy

System Model

Energy Storage Planning Tool - Transmission
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Increasing OSW Levels Trigger Grid Upgrade Needs

Transmission NWA Example : OSW Integration in NY

Breakdown

2ς345kV
5ς138kV

Breakdown

6ς345kV
16ς138kV

Breakdown

10ς345kV
33ς138kV

3 
GW

7 
Violations

6 
GW

26 
Violations

9 
GW

44 
Violations

The violations are reflective of line loadings exceeding Rating B 
under contingencies
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Transmission NWA Example : OSW Integration in NY (Analysis Steps)

Siting

Sizing (MW)            (MWh)

Cost Estimation

Techno-
Economic

s

1 2 3 4

126MVA/1043MWh

BESS $309M
Conventional $1B

Rate Payer Cost is 
65% with BESS 
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Real Option Analysis ςOptimizing Transmission Planning Under Uncertainty

ÁCase Study in CAISO

Å Conventional Solution$60M

Å ESS w/o Markets        $70M

Å ESS w/ Markets          $50M

ÁOption Valuation

Å ESS cost ranges from 30% to 
120%, with a mean value of 70% 
of conventional solution value

ÁReal Option Analysis

Å Rank Projects Internally

ÅOptimize Asset Decisions

Å Balance Customer Risk and Cost
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ESS to Conventional Solution Cost Ratio

Certainty = 97% of ESS cost 
To be less than 
Conventional Solution

ESS More
Expensive

Á Load Forecast Uncertainty
Á LMP and Ancillary Price Uncertainty

Phased planning in uncertain environments can reduce customer cost and risk



Thank you!

Quanta Technology
720 East Butterfield Rd., Suite 200
Lombard, IL  60148

Quanta Technology
905 Calle Amanecer, Suite 200

San Clemente, CA 92673

Quanta Technology, LLC (HQ)
4020 Westchase Blvd., Suite 300
Raleigh, NC 27607

Quanta Technology
2300 Clayton Road, Suite 970

Concord, CA 94520

Quanta Technology Canada, Ltd.
2900 John Street, Unit 3
Markham, Ontario, L3R 5G3

(919)334-3000

quanta-technology.com

info@quanta-technology.com

LinkedIn.com/company/quanta-technology

Join us on LinkedIn and visit our website
for live Knowledge Sharing Webinars and more! 

Office
Locations

Dr. Hisham Othman
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